difficult for them to function on the job and in society. The problem of limited literacy is pervasive. It involves individuals of all backgrounds, races, and socioeconomic classes. In some segments of the population, such as certain ethnic minority groups and the elderly, the rate of limited literacy may exceed 75%. [1] [2] [3] [4] Research has demonstrated that limited literacy is associated with poorer health outcomes and lower health status. 5-9 But, as pointed out in a report on health literacy from the Agency for Healthcare Quality and Research, 1° there is little evidence that improving literacy skills can improve an individual's health. Indeed, to our knowledge, no research in an industrialized nation has ever demonstrated that enhancing literacy skills can actually cause someone to "get better" from an illness or chronic condition.
The study reported here is a preliminary investigation of whether improving literacy skills can improve a specific health outcome--severity of depression--in a cohort of depressed individuals with limited literacy skills in the United States.
We focused on depression for 2 reasons. First, depression is common. Some 30 million Americans are thought to have depression, and at least 1 in 6 Americans experiences an episode of major depression at some point. I ~-13 Second, people with limited literacy skills and those who are depressed share several characteristics. Specifically, people with limited literacy and individuals with depression both report low self-esteem, feelings of worthlessness, poor self-efficacy, an external locus of control, and experiencing guilt or shame over their limitations. [14] [15] [16] [17] [18] [19] [20] In fact, some of these characteristics, like worthlessness and guilt, are not only common in both limited health literacy and depression, they are also defining characteristics of depression in the fourth edn of the Diagnostic and Statistical Manual (DSM-IV). 21 Because of the characteristics shared between limited literacy and depression, we hypothesized that literacy education, provided along with standard depression treatments to adults with depression and limited health literacy skills, would result in a greater improvement in depression symptoms than would standard depression treatments alone. This paper reports the results of a preliminary investigation designed to test that hypothesis.
METHODS Overview
This was a randomized controlled trial in which patients with both limited literacy and depression were assigned to I of 2 treatment groups. Patients in the control group received standard treatments for depression prescribed by their primary care clinician (family physician, physician assistant,
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JGIM or advanced-practice nurse). Patients in the intervention group received the same standard treatments for depression, but they were also referred for literacy training at an adult education program. Figure 1 illustrates the study protocol.
Seffing
This research was conducted in a community health center that serves a predominantly poor clientele. The community's Adult Basic and Literacy Education (ABLE) program is housed on-site at the health center. The study methods were reviewed and approved by the center's institutional review board.
Subject Enrollment
Eligibility Requirements. Patients were eligible for participation in the study if they scored positive for depression on the Patient Health Questionnaire (PHQ-9) 22 and if they had limited literacy skills when tested with the Rapid Estimate of Adult Literacy in Medicine (REALM). 23 Both of these instruments are described below. Additional eligibility requirements included age > 18 years; ability to communicate and converse meaningfully with project staff in English; not currently under treatment for depression; no diagnosis of dementia or other neuropsychiatric disorder; and presentation to the health center for something other than an acute life-threatening emergency. PHQ-9. All patients seen at the health center were routinely screened for depression with the PHQ-9 using the protocol specified by the Health Disparities Collaborative, a national collaborative involving the US Bureau of Primary Care, the Institute for Healthcare Improvement, and the National Association of Community Health Centers. 24 The PHQ-9 is a widely used depression detection instrument based on DSM-IV criteria for diagnosis of depression. 22'25 It has also been used successfully to monitor outcomes of depression treatment. 26 Because the study involved patients with limited literacy, study personnel read the PHQ-9 questions to subjects.
The PHQ-9 asks subjects to rate the frequency of DSM-IV depression criteria from "0" (not at all) to "3" (nearly every day). FIGURE I. Flow chart of study enrollment and follow-up. PHQ-9, patient health questionnaire; REALM, rapid estimate of adutt literacy in medicine.
of 92% and a specificity of 73% for a diagnosis of depressive disorder. 22 Patients seen at the community health center who had a PHQ-9 score k 5, the cutoff level recommended by the Collaborative for considering the diagnosis of depression at the time our study began, next underwent assessment of their literacy skills.
REALM. The REALM is a psychometrically reliable and valid literacy assessment instrument that can be completed in about 2 minutes. 23 Rapid Estimate of Adult Literacy in Medicine is a word-recognition test, in which subjects read from a list of 66 medical words arranged in order of complexity and pronunciation difficulty. Patients are asked to read aloud as many words as they can, beginning with the first word and continuing through the list as far as they can. The REALM scores of 0 to 18 indicate a third-grade reading level or lower, 19 to 44 indicate a fourth to sixth-grade reading level, 45 to 60 indicate a seventh to eighth-grade level, and 61 to 66 indicate a high school reading level or above. In our study, patients whose score indicated literacy skills at or below the eighth-grade level (i.e., score < 60) were eligible for participation.
Randomization
After giving informed consent, patients with a PHQ-9 score > 5 (indicating depression) and a REALM score < 60 (indicating limited literacy) were randomized to either a control group or an intervention group. Randomization was performed with computer-generated random numbers. The control group received routine depression care, as described below. The intervention group received the same routine depression care, plus referral to the ABLE program for literacy education.
At the time of randomization, we collected demographic information on each subject. This information included age, gender, ethnic group, medical insurance status, and occupation.
Interventions
Depression Care. Routine depression care for patients in both the control and intervention groups was provided by their primary care clinician at the community health center. This care was delivered according to a protocol specified by the Health Disparities Collaborative mentioned earlier. 24 Briefly, the treatment involved either prescription of antidepressant medications or provision of counseling, with the choice made by the patient's primary care clinician. Counseling methods specified in the protocol included cognitive behavioral therapy, interpersonal therapy, and problem-solving treatment.
Literacy Skill Enhancement. Literacy skill enhancement was
provided through the ABLE program. Patients referred to the program were first interviewed by an adult education teacher to determine the patient's learning style, educational history, and individual academic strengths and weaknesses.
Following the interview, an assessment with the Tests of Adult Basic Education 27 was conducted to determine baseline skill levels. Clients with very 10w baseline skills were also assessed with other instruments. Those whose reading skills were scored below the sixth-grade level with any of the instruments underwent additional evaluation with PowerPath, 28 a computer-based assessment that screens for learning disabilities. Such disabilities were taken into consideration as learning plans were developed.
After the aforementioned assessments, the ABLE teacher and patient discussed personal and educational goals and developed a learning plan. Learning was facilitated through computer-assisted instruction, traditional text-based instruction, and/or self-paced learning modules. Patients attended as many sessions as they wished, and could choose to work individually, in small groups, or with one-on-one tutors; most students opted to participate to some extent in all of these educational modalities. The program also offered employmentskill training that involved assistance with preparation of resumes and job applications, and practice and advice about job interviews,
Outcome Measures
Patients in both groups underwent interval assessments of depression severity using the PHQ-9. These assessments were conducted for as long as the patient remained in the study up to a maximum of 12 months. The first follow-up assessment was performed between 1 and 3 months after entry into the study, the second between 3 and 6 months after entry, and the final follow-up between 6 and 12 months. Nine-question Patient Health Questionnaire assessments were performed by a study coordinator who was not involved with or aware of the nature of the patients' depression treatment. For patients in the intervention group, each of the interval assessments also included administration of the REALM.
After the Final follow-up visit, we performed a review of medical records to determine depression treatments received by each patient. We noted the percentage of patients treated with antidepressant medication and the percentage who underwent counseling.
Data Analysis
Subjects randomized to the intervention group were included and analyzed in that group, regardless of whether they actually participated in ABLE classes. Although we present data for the first, second, and final follow-up evaluation, the key dependent variable in our analysis was depression severity measured with the PHQ-9 at the final evaluation.
For subjects who presented for evaluation more than once between 6 and 12 months (43% of subjects presented twice), we only considered PHQ-9 scores from the second of these evaluations. For the 34% of subjects whose final evaluation occurred at the second follow-up visit, we used PHQ-9 scores from that visit in the final analysis (last observation carried forward). 29 We excluded subjects from the final analysis if they did not participate past the first follow-up visit at i and 3 months.
Because PHQ-9 scores were not normally distributed, we used nonparametric statistics to evaluate changes in these scores. We used the Wilcoxon signed-rank test to determine whether there was a significant change in PHQ-9 scores between the baseline and final evaluation, and a i-tailed MannWhitney test to determine whether final follow-up scores in the intervention group were significantly different from those in the control group. A l-tailed test was used because subjects in both groups received standard treatments for depression that are known to decrease the severity of depression. 3°- 33 We defined significance as a P value < .05.
We used Spearman's correlation coefficients to determine the relationship between REALM and PHQ-9 scores at baseline. We used the Pearson ~2 statistic and Fisher's exact test to evaluate differences in the proportion of subjects in each group who received psychological counseling. To evaluate differences in REALM scores over time, whose distribution approximated a normal distribution, we used 2-tailed t tests. Demographics were reported with descriptive statistics.
Based on published studies using the PHQ-9 in primary care settings, in which mean PHQ-9 scores are about 15 with a standard deviation of 6, and accounting for a proportion of subjects being lost to follow-up, our a priori sample size calculations indicated the need to enroll and randomize approximately 70 subjects. This would provide 80% power to detect a between-group change in PHQ-9 scores of >_4 units (e.g., a change in score from 15 to l I). 34
RESULTS

Baseline Characteristics of Subjects
Seventy subjects were enrolled, with 38 randomized to the intervention group and 32 to the control group. Table I shows subjects' demographic characteristics and their baseline scores on the PHQ-9 and REALM. Subjects in both groups had similar baseline median PHQ-9 scores. They also had similar baseline scores on the REALM, with mean scores corresponding to a seventh to eighth-grade reading level. There was no significant correlation between baseline PHQ-9 and REALM scores (Spearman's correlation =0. I0, P=.43).
Follow-up Rates
Of the 70 subjects, final follow-up data are available for 28 (88%) in the control group and 33 (87%) in the intervention group. There was no significant difference between those who completed a final assessment and those who dropped out at or before the first follow-up visit in terms of baseline PHQ-9 score, REALM score, gender, marital status, ethnicity, insurance status, or age.
Depression Treatment
Based on medical records review, a similar proportion of subjects in each group received treatment with antidepressant medications; 30 [78.9%) subjects in the intervention group and 26 (81.3%) in the control group received such treatment (P=.81). Record review also revealed that 20 (52.6%) subjects in the intervention group and 13 (40.6%) in the control group received counseling; this difference was not significant (P=.32).
Changes in Depression Severity
Changes in PHQ-9 scores are illustrated in Figure 2 and details are shown in Table 2 . As already noted, the mean PHQ-9 scores were similar in both groups at baseline. Both groups experienced a significant decrease in PHQ-9 scores over time ( Table 2 and Fig. 2 ). The decrease in scores was significantly larger in the intervention group, with final follow-up scores declining to 6 in that group, but only to 10 in the control group.
Literacy Training and Outcomes
Intervention group subjects spent a mean of 18.1 hours attending ABLE classes. Attendance ranged from no participation at all (18.4% of subjects) to 74 hours (2.4%), with both modal and median values of 12 hours. Rapid Estimate of Adult Literacy in Medicine scores in the intervention group increased by an average of 7 points between baseline and final follow-up (P=.001). There was no correlation, however, between hours of ABLE attendance and change in depression severity (r=.08, P=.66).
DISCUSSION
The most important funding of our study is that at final followup, depression severity was lower among participants assigned to receive literacy training plus standard depression treatment than it was among participants assigned to receive only standard depression treatment. Literacy skills, as measured by the REALM, improved in subjects assigned to receive literacy training, and their depression severity lessened.
This finding is important for several reasons. First, it provides the first evidence that outcomes of a disease--in this case, depression--can be improved by identifying individuals with the disease who also have limited literacy, and providing them with literacy education. Second, if borne out by larger and more rigorous trials, the results have implications for treatment of depression for millions of Americans. With 40% to 50% of the adult United States population (90 million people) having limited literacy skills, and 10% having depression, one can estimate that some 9 million (10% of 90 million) Americans have both limited literacy and depression. The true number may be even higher, as 1 study suggests that as many as 18 million American adults simultaneously have limited literacy and depression. 3a
Although the results of our study are preliminary, support for our findings comes from the results of a study by Poresky and Daniels. 38 These investigators randomized parents of Head Start children to receive either (a) special services aimed at increasing parent's employability, with a focus on enhancing literacy skills, or (b) routine Head Start services. Their study did not limit enrollment only to parents with depression, but one outcome monitored by the investigators was depression, measured by the Centers for Epidemiological Studies- 
Limitations
As a preliminary investigation, our study results are subject to a number of limitations. One limitation is that our sample size was small, raising the possibility that differences in depression scores between the 2 study groups were due to chance. Statistical tests indicate otherwise, however, as the greater decline in depression severity in the intervention group compared with the control group was statistically significant. Nonetheless, replication of the study with a larger sample would provide more compelling evidence of the benefit of literacy training for the treatment of depression.
Furthermore, the small sample prevented us from determining whether there was a "dose-response" relationship between increased literacy and lessened depression. That is, we had too few subjects to determine whether those with the greatest degree of improvement in literacy skills experienced the greatest improvement in depression. We also could not determine whether any one educational modality of the ABLE program was more effective than others in decreasing depression. Future studies should include an assessment of a dose-response relationship and evaluate which educational modality is most helpful.
A second limitation is that our study was not designed to determine the degree of limited literacy for which literacy enhancement might offer benefit for patients with depression. That is, would individuals with depression be more likely to benefit from literacy training if they had, for example, secondgrade reading skills rather than sixth-grade reading skills?
Additional study is needed to answer this question.
A third limitation is that we relied solely on the PHQ-9 to categorize subjects as having depression, rather than performing a formal psychiatric interview. It is possible, therefore, that some subjects were incorrectly categorized as having or not having depression before entry into the study. We feel that it is unlikely that this occurred, because the PHQ-9 is a wellvalidated instrument that is known to be accurate in identifying patients with depression. Finally, the mechanism by which literacy education might lessen depression symptoms is unclear and, in fact, lessened depression may not be the result of improved literacy. Rather, participation in literacy education classes may, by itself, give individuals a sense of improved self-esteem or self-efficacy, enhance their feelings of self-worth, and/or diminish feelings of shame associated with limited literacy. Improving these parameters may, in turn, decrease symptoms of depression.
Further study is needed to determine the mechanism by which literacy education decreases symptoms of depression.
CONCLUSIONS
Our results suggest that there may be benefit to assessing the literacy skills of patients who are depressed, and recommending that patients with both depression and limited literacy consider enrolling in adult education classes to enhance literacy. Further study is needed to confirm our findings.
